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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor/any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not ‘
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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' ABS'I‘-RACT

A P P' and ® Regge pole model that accounts for experlmental

pp and pp differential cross sections and pp polarization is proposed
"IJ The complete spin structure of the amplitude is used. A sét of residue

" ‘functions is determined.

s .
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At the present experiéental high éhergies (6 to_é5 GeV/Ej;’the
slopes of the Ep and pp differential cross sections, dd/dt; 'éfe
. very differént, about 15 and 6.6 res@ectively.l'_In addition; they
intersect at an invariant momentztraﬁsfer; t , of about -o,e(cév)?'.
, A simple theoretical interpretation has been masked by compiicaﬁions such -
és the-spin structure of the amplitudesvand the lack of knowledge of the
»relévgnt residﬁe.functiops.

* “ Similarly for pn and gn charge-exchange scafﬁering; it has
“been foﬁnd'experimentally that fhe pn slopé"is‘lafger than the~ Eh:
slope.. In this case also a crossover point has been predicted;2 'On
the basis of the.Regge pole theory,_ﬁe propose a model of the fééidde’
_functions which'accounts for the difference of siOpes andvcrossover;.>

The five amplitudes, _@; , that determine NN séattering can

be written in terms of the pole trajectory contributions in the form

vA =/ Y by, - , )
11 | .
where L is the index that designates the trajectory, CL the
signature factor, and ¢iL. the part that includes kinematical and
ﬁiisospin factors. In turn, ¢it can bé'ekpreSSed in terms of the
amplitudes of the crossed channel, ij(t) , by
iy, - o Kigle,t)e5, (%) : . ()

‘where Kij(s’t) is the element_of the transformatioﬁ, aﬁd s and 't
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the invariant energy and momentum transfer, respeétivelym In the
processes of interest, the transition amplitudes, ij(t),.are
associated with the known pole trsjectories, P, P', and w. For

these poles, the amplitudes beComej

fip. 7 0
“ L, t)
: 2s ’
£, ~ g,.(L,%) < ——— - i) o
2L 117 » hma -t
L/ os \HL £)-2
f3L ~ gQQ(L’t) \;—n—?—-—: - l/ . - - o (3)

: oL, t)-1
: ' i 2s \Cd( ?
Ty, = gze(L’t)< 2 . 1)
. by - ¢

7/

- e \(L,t)-1

" where gll(L,t), gEQ(L,t), and glE(L’t) are the residue funétions,

and a(L,t) the trajectory.
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With various contributing tréjeétories, the problem of'findigg

l'the residue functions is very'complicatéd,‘because of the'freedoﬁ

Provided-by the several unknown-fesidues. When experiment is confrqnteé"f

with theory, a reconciliatioﬁ must be found between this fréédoﬁ énd.
physical constraints, such as unitarity, sbin“étructufe, thé'factorization
theorem, and. the assumption of real analyticity of the residues. This

Jiprobiem is expected to become simpler only at much highe£.energies;

Y_Here we have included the contributions of P, P', and only; since'

v they are the most important for the pp and Pp processes. In this
form we have gyoided unnece§sary complications that - méy obécure the‘
clarity of. the conclusions. |

We have considered ﬁomentum transfers in the interval
-1.0 (GeV)2 <t <0, to remain within the domain of the Regge médel.

We have taken trajectories that pass through known intercepts.j

In
most of the caléulationé’we have used straight-line trajectories to
:. facilitate the interpretation of the results. The five helicity
'amplitudes were calculated without resorting to approximationé{

| For étraight-line trajecfories, the follqwing featﬁres‘ére
consistent with the pp and pp ,differenfial cross sections and the
pp‘ polarization data. (a) Tﬁe siope of ‘P may be faken in the |

interval 0.25 S’ a'(P,0) < 0.4 . The best fits correspopd_tO'a

slope of about 0,5, a fact that is in agréemeht with a récénti N
3 determingtion;é (b) The slope of P' is found to be high,

“1.3 S a'(p',0) § 1.5. (c) The slope of ® is found to be

i
i
}
1
i
t
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within the range 0.7 S a' (w,0) S 1.0 , with the.best fits corres-

<ponding to a slope of about 0.7.

We found that to account for the difference of slopes and the
crossover, it was necessary to assume that gli(a»t) .décreases rapidly

for t < O and that it becomes negative at t ~ -0.12(GeV)® . Earlier

- 'work demonstrated a similar conc-lusion,7 although then there was some

the residue functions shown in Figs. 1 and 2. The characteristics of the -

doubt since the complete spin structure had not be considered. ‘Some
of the implibatidn:of the venishing of this residue haVe éiready been
discussed.a Similarly in pn and fn charge-exchange, a similar

behavior was found for the residue of the odd signature trajectory,

gll<p’t)'

. Trajectories of the form o(P,t) = 1.0 + 0.3t, a(P',t) =ip:z/}

1.ht, and alw,t) = 0.5 + 0.7t have been assumed in the calculation of

- model here presented are the following: (a) The residue gll(t) of

the poles of even signature remains on the positivevside of the plane.

First, (t) decreases to zero for the momentum transfer for which

the corresponding trajectory crosses the axis Jd = 0, then rises again.
In the region considered, this is the case at least for P", for if

we put as e condition that the slope of gll(P',t)'must remain
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‘positive, then it is not possible to obtain a reasonsble X7,
unless one allows the. P' trajectory to have a negative slope

" in the region t < O . This latter alternative seems less reasonable.

UCRL- 16873
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(b) On the other hand, the residue gll(a»t) of the pole of'odd.
signature crosses the axis gll(w,t) = 0 and remains on the negative.x
side‘of the plane. This general trend is required to maintain the:

difference of slopes. A behavior similar to (z) and {b) was found

“-respectively for R and o 2 (¢) In an ideal version of this model,

with no cdﬁtributions neglected, the gli(t) residués éhould become
tangent.to the axis at momentum transfers correspondihgito the ﬁassing'
of a trajectory for a physical J value. (d) The éolutioné fonhdAsatié-
fy the condition of real snalyticity of the residues with éo@d approx?e
mation, since_for each pole L, gEE(L,t) -is found tb become negligible
‘near ﬁhe point where gll(L,t) vanishes. That is, for the  t région |

in which gll(L,t) > 0 , this condition is satisfied exactly and for

“the region in whiph gll(L,t) <0, only appfoximatély, since then,

ggg(L,t) ~ 'O_, and -gle(L;t) ~ 0. (e) The factorization theorem,

€8y

'_.gll(

Ltdgy,(Lt) = oL, )
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has been uéed to calculate the 815! (L,t) residue function, which on

- account of (d) is important mainly in the region in which gll(L,t) >0 . -

For easier interpretation of the results, we have limited our

calculations to the three most important,trajectories. Nevertheless,

'ﬁ'.we have fitted low energy data such as polarizations. To compensate -
. for the trajectories neglected, the gQE(P' t) residue becomes

' unrealistically high. This in turn is compensated for by the sllght

fictitious intrusion of gll(P t) in the negative part of the plane

and by the high value assumed for the slope of the P' traJectory.

In conc1u51on, the NN residue functlons here determined are
1n agreement wjth existing experimental total cross sectlons,
differential Cross sections, and polarizations. They are related by -

factorization constraints to many scattering amplitudes, such as

those of nN and KN ,-8 and might be tested in the study of these

'problems.

The author is indebted to Dr. William Rarita for introducing

him to the study of the NN problem; to Professor Geoffrey F. Chew

,fer advice and encouragement, to Dr. Naren F. Bali for valuable

Suggeefions vhile reading the mahuscript,'to‘Mr. Thomas'Clements for

‘programming a531stance, and to Professor Burton J. Moyer for the

hospitality of the Phy51cs Department, University of Callfornla, Berkeley
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9. At least for the Pomeranchuk trajectory, one may say that, if

s
. v 5,
Im a(s) > 0 and oals) = afe) + % u/ﬂ

' 0

ds' Im a(sj')f

S"'S' 5

then for s < 0, a'(s) is positive.



Fig. 1.

_Fig. 2.
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AR - "FIGURE CAPTIONS
The gll(t) residue functions for P, P‘,,and. W ,,as a
fpnction of the invariant'moment transfer t,'

The g22(t) residue functions for P, P', and o , as. a

function of the: invariant moment transfer t .
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mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy; completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.
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